There are many occasions on which the magnetotelluric impedance tensor is affected by local galvanic distortion (channelling) of electric currents arising from induction in a conductive structure which is approximately two-dimensional (2-D) on a regional scale. Even though the inductive behavior is 2-D, the resulting impedance tensor can be shown to have three-dimensional (3-D) behavior. Conventional procedures for rotating the impedance tensor such as minimizing the mean square modulus of the diagonal elements do not in general recover the principal axes of induction and thus do not recover the correct principal impedances but rather linear combinations of them. This paper presents a decomposition of the impedance tensor which separates the effects of 3-D channeling from those of 2-D induction. Where the impedance tensor is actually the result of regional 1-D or 2-D induction coupled with local frequency independent telluric distortion, the method correctly recovers the principal axes of induction and, except for a static shift (multiplication by a frequency independent real constant), the two principal impedances. Also obtained are two parameters (twist and shear), which partially describe the effects of telluric distortion. It is shown that the tensor operator which describes the telluric distortions can always be factored into the product of three tensor sub-operators (twist, shear, local anisotropy) and a scalar. This product factorlzation allows assimilation of local anisotropy, if present, into the regional anisotropy. The method of decomposition is given in the paper along with a discussion of the improvements obtained over the conventional method and an example with real data.
INTRODUCTION

Interpretation of experimental magnetotelluric results is easiest in those cases
Inside the circular centrM region of overburden, an elliptical and highly conducting surface region (e.g., swamp) e•sts (bl•ck). Measurements are made at the centre of the swamp.
The regionM telluric currents are first twisted through an gle 0t. The elongation of the swamp then leads to anisotropy with principal axes parMlel and perpendicular to the direction a. Applying the transformations implied by each of these distortion operations in turn to the regionM electric field yields a finM relation of the measured electric field to the regionM which can be represented • 
Although this factorization (5) of C is instructive, it is
not useful in the representation of real data because none of its four parameters can be recovered uniquely from a measured impedance tensor. As Bahr [1988] has shown in the case of general galvanic telluric distortion and Zhang et al.
[1987] in the case of 2-D galvanic distortion, it is not necessary to explicitly solve for the elements of C in order to recover information about the underlying 2-D impedances. However, since we are here seeking an explicit decomposition (parametrization) of the impedance tensor in which the determinate and indeterminate parts are clearly distinguished, it is necessary first to describe quantitatively the exact way in which C is indeterminate.
It is given that e = Zm h
where Zm is the measured impedance tensor. In the regional or principal axes system, we can express the measured impedance tensor using (1) and (2) as = c
or in the measurement axis system, as = x c xz (s)
where C is the distortion tensor, again expressed in the regional inductive principal axis system, and 1t. is a rotation matrix which rotates vectors through an angle 0 to the measurement axis system from the regional measurement axis system.
Although the factorization (8) of the measured impedance tensor expresses the underlying physical model, it is clear that any extraction of parameters from this factorization cannot be performed uniquely for measured data. This is because there are nine real parameters required' a rotation angle 0 in R., four distortion tensor elements, and the two complex principal impedances. 
A USEFUL FACTORIZATION
OF THE DISTORTION TENSOR
The previous section discussed the physical model and a rather general decomposition of the corresponding impedance tensor. In this section we will develop a factorization of the distortion tensor C which is the basis for our decomposition of the impedance tensor.
For representation of matrices it is convenient at this point to follow the example of Spitz [1985] 
The matrix T is in fact made into an ordinary rotation matrix by this normalization. The practical purpose of this normalization is to ensure that the elements of T, S, and A remain bounded during any computations. Some physical insight into this factorization can be obtained by examining the effects of each factor in turn on the regional electric field (i.e., the regional electric field in the natural coordinate system of the regional 2D structure). Finally, g performs an overall scaling of the electric fields. This is necessary because A, S, and T have been normalized in such a way that their product will differ from the true distortion tensor C by some scalar factor g. We will refer to this scalar as the "site gain".
The advantage of this factorization of the distortion tensor C will now be made apparent. into Z2, the conventional method also implicitly absorbs T and S into Z2 as well, thus radically distorting it from an ideal 2-D tensor.
That the factorization of C using real values of g, t, e and s exists and is unique is not obvious for arbitrary C. For example, the classic eigenvalue-eigenvector decomposition of a square matrix will not yield real eigenvalues and eigenvectors unless the matrix has certain properties. Similarly, there is no a priori guarantee that the product factorization proposed in (14) even exists if s,t,e, and g are required to be real.
The remainder of this section is devoted to proving that for all reasonable distortion tensors a unique product factorization (14) 
where i = 1, 2.
In summary, there are two solutions (sometimes degenerate) for the decomposition of any physically plausible distortion tensor, only one of which need be considered physically meaningful. Although investigations of channelling effects with this factorization may prove useful, an explicit method of factorization of the C tensor per se was not our primary goal here. The above discussion was necessary to establish that the parameters used (g, e, t, s) are in fact well defined in the proposed factorization.
DECOMPOSITION OF THE IMPEDANCE TENSOR
If the above decomposition (14) of the distortion tensor is substituted into (7), the result is = g T s A second way to detect deviations from the ideal distortion model is to examine the frequency dependence of the distortion parameters. If the ideal distortion model is a realistic model in a range of frequencies, these parameters will be approximately independent of frequency in that range. In practice, a structure which acts as part of the regional inductive structure at high frequencies may act as a frequencyindependent distortion structure at much lower frequencies.
If application of the decomposition to the data suggests for the conventional decomposition. However, the error of fit, as seen by comparing Fig. 8 to 4 , is still almost an order of magnitude smaller than the conventional error. Twist, shear and local azimuth are now essentially frequency-independent, as is the regional azimuth. There are only slight variations in the impedances (Fig. 6 ) from the previous constrained decomposition. It appears that the large-scale structure can be interpreted as being onedimensional at these periods, except for one problem. That problem is with the impedance phases in Fig. 8 . If the regional structure is truly l-D, the impedance phases should be identical. However, other physical effects may be present, which have not been considered, causing these phase differences. In particular, an important factor to be considered is the effect on the magnetic field of the galvanically distorted currents. This effect produces a magnetic field out of phase with the primary magnetic field. Berdichevsky and Dmitriev [1976] , for instance, have considered the effects of this anomalous field for some restricted cases. In fact, a careful analysis of the effect of the anomalous magnetic field due to the distorted currents indicates that the major effect of this anomalous field on the decomposition is to alter the phases of the 2-D impedances. In fact, the majority of the phase differences in Fig. 8 can probably be accounted for by such a magnetic field [Groom, 1988] . However, this result does indicate the necessity of recognizing if not actually incorporating galvanic magnetic effects in any decomposition which attempts to account for all the effects of strong 3-D galvanic electric field distortions by conductive overburden over a resistive Earth.
CONCLUSIONS
The discussion of the physics of distortion given in this paper is not new. What is new is an explicit-decomposition of the impedance tensor, the parameters of which separately represent the determinate distortion effects, the indeterminate distortion effects, and 2-D inductive effects. It offers, in addition, a relatively robust way of determining these quantities in the presence of noise by virtue of being implemented as a fit to all the available data.
Because the class of magnetotelluric responses described by the distortion model is much larger than that described
